Abstract-Web 2.0 regards essentially the social issues about the new usage of web applications, but participative web and user generated contents induce a new way to think about the design of the web applications themselves. This is particularly true in the field of educational systems that are all web based applications. Many researchers are now devoted to study what is called e-learning 2.0 both as regards the technological issues in the field of computer science, and in relation to the impact of the web 2.0 social and psychological issues on the education process itself. One of the most crucial topics in elearning 2.0 is the way to provide support to the teacher/tutor to avoid cognitive overload when he/she is monitoring the evolution group dynamics inside the class, and decides the proper strategies to ensure the pursuit of the learning goals. Map visualization is a good way to present information without cognitive overload. We present a map-based tool in support of the tutor that is an extension of our ITS called TutorJ. The tool allows a human tutor to have multiple map visualizations about the domain of the course, the social (forum-based) interaction between the students, and the amount of topics faced by each student. The paper reports a detailed description of the architecture of the tool, and a discussion about its relevance in the field of e-learning 2.0.
I. INTRODUCTION
Web 2.0, in a few words, involves all the social issues regarding the use of web technology. In turn, new paradigms of using the web lead to a new concept of web applications [1] [2] as regards both their development and management. The major novelties of web 2.0 applications are about highly interconnected interactive contents, and the users' direct contribution to their creation. A more and more relevant part of the contents provided in several organizations' web sites are created and controlled by their users. This leads to network effects. This is a major revolution: new applications are more and more user-centric. Popular examples are YouTube or Facebook where users have the complete responsibility to define and publish their contents as codevelopers. Indeed, web 2.0 applications cover several fields such as higher education, government, and all the economic aspects of social networking.
A crucial aspect is related to contents visualization. The large amount of available data have to be presented in an appropriate manner. Visualization is an important aspect to face the information overflow that is a consequence of the huge number of contributions posted on the net. It is also very important to reach a good level of detail without loosing the perception of the whole available materials.
The definition of a new type of web applications requires a paradigm shift in traditional operations such as data collection and data analysis. Web 2.0 sites are very dynamic in the creation of new relations across their users and tools like forums, wikis and blogs are central in the process of dynamic content creation.
In particular, higher educational can benefit of new technologies in many ways. Learning activities are highly distributed, social and complex tasks and therefore the learning model has to provide solutions in this direction. As an example wikis and forums are excellent tools to obtain cooperation inside a workgroup and between different ones.
A web 2.0 approach in designing educational tools, that is e-learning 2.0, requires a major effort from teachers and tutors to keep track and regulate the group dynamics and to offer personalized solutions to each learner. The presented work tries to address this issue with a social network [3] analysis tool that helps to explain social behaviors and provides typical representation of social interactions. This is the first step in the evaluation process, while the second one is the need to produce hints and warning in particular situations. To this aim we propose a visual analysis tool able to offer different possible visualizations of collected data to help both students and tutors. Our tool is an extension of TutorJ, an ITS proposed by some of the authors [4] , which arranges all the course contents in a browsable pan-zoom map addressed by the concepts in the domain ontology that are related to the documents stored in the database. The map is able to cluster similar documents. TutorJ has been extended to allow gathering of the information related to the use of the document map. In turn, usage information is the source for creating different student maps representing the amount of documents read for each topic in the domain. Finally, forum analysis has been added providing information to display some social network maps where the relations between the learners arranged in discussion groups are shown. The same tool is used to display relations between the workgroups created by the tutor.
The rest of the paper is organized as follows: section II presents briefly the state of the art of web 2.0 and learning environments with particular attention to visualization tools. The outline of the whole tool is presented in section III. Architectural issues are addressed in detail in section IV. Finally, section V reports conclusions and future work.
II. STATE OF THE ART
Many Learning Management Systems or Learning Content Management Systems are focused on content delivery, management and distribution without taking the necessary care about the social aspects of learning. As stated in [5] a paradigm shift is needed in traditional pedagogical models. The most important changes have to be performed w.r.t. the central role of users instead of contents and materials. A distributed approach has to be preferred with a bottom-up growth of materials based on sharing.
The design of learning systems able to assist social groups in collaborative works has lead to a new generation of Virtual Learning Environments (VLEs) where learning activities are performed through web 2.0 technologies: the e-learning 2.0 [6] [7] .
According to the constructivist theories, learning cannot be transmitted but has to be constructed by the individual. The way a student learns can be more oriented to the discovery of new knowledge [8] or rather the social aspects of learning can be focused [9] . In the context of Educational Psychology a student able to define autonomously the way to increase her knowledge performs a self-regulated learning process [10] . One of the major pedagogical issues is related to the cognitive overload of students that arises as one the major problems for self-regulated learning in technology-enhanced learning environments [11] .
An e-learning 2.0 environment takes a great advantage from visual representation of contents and social relations. The most used tool is the map. Maps are visualizations of relations between components (physical or abstract objects as ideas, relationships and so on). A simple example of a social network map is the contact map used in different sites and applications to show personal information of registered users. Another example is Chat Circle [12] developed by Sociable Media Group, is a visual abstract interface showing real time conversation in Internet.
Maps are powerful tools to show contents too. The Web-SOM [13] is an example of document map built automatically by a neural network. This approach uses a SelfOrganizing Map to cluster documents. Documents' displacement inside the map is arranged on the basis of their clustering. A similar approach is used in the KnowledgeSea map [14] a two dimensional map of educational resources. Each cell contains documents related semantically to each other. Documents located in cells connected directly are less similar, and so on. In [15] a map visualization is used to render different opinions in a forum used to score different products. Authors use Cytoscape [16] and Jung [17] to visualize different opinions.
III. OUTLINE OF THE VISUALIZATION TOOL
Our visualization tool is integrated in TutorJ, and shares the same three tiers architecture as the ITS (see Fig. 1 ). The core functionality in TutorJ regards contents presentation with a browsable pan-zoom map where the learning paths built by the teacher/tutor or suggested by the ITS can also be drawn. The student can browse the documents freely or he/she can follow tutor's proposals. Such an approach has been inspired to the cognitivist theories of learning.
We extended the system to allow the student to interact with her colleagues, or with a tutor. Workgroups can be established by the tutor, or they can be built by the students autonomously. A group can be made by two or more students. Students in a group can interact exchanging messages through a forum, or cooperate to write a wiki.
The new system allows the tutor to monitor the students' activities through the use of social network maps or student maps. We developed some suitable information managers in the business level of the architecture to collect and analyze the logs of either student-system or student-student interactions. The presentation layer provides the map visualization of the information generated by the managers. A novel unified paradigm has been devised to render whatever kind of map, starting from a unique XML syntax to describe the structure and the relations between the items to be displayed at the highest level of abstraction.
Student maps show the documents studied by a learner, and the amount of time he/she spent in reading them. In this way, the tutor evaluates if a student perceived the topic under investigation as a difficult or interesting one. She has a global information about topics that have not deepened sufficiently.
Finally, the tutor can analyze both the behavior of either the single student or an entire workgroup.
Social network maps show the relations between students in a group and/or between groups starting from the information collected in the analysis of their interactions in forums or wikis. It's depicted in the form of a graph where each node is clickable and provides information about the related student or group. Arcs represent the strength of a relation on the basis of the amount of communication streams that have been recorded between two subjects by the information manager.
Finally, maps can be useful to compare two different data sets. Maps can show the evolution of the state of the student while he/she is learning the domain. A sequence of maps can depict the states of the student in different moments. Moreover, the tutor can compare the students in a same study group, assessing commonalities and differences in their activities. A possible interaction scenario is the following: the tutor opens the social network map and clicks on two student nodes in the same group whose relation is particularly strong. He visualizes the two student maps and locates common areas, thus obtaining the information about the topic they're deepening together. The previous scenario involves a solely visual interaction, and avoids reading more and more lines of messages in the forum. The creation of difference maps and overlay visualization can be thought in this respect.
IV. THE ARCHITECTURE
The software architecture of the proposed tool is arranged in three tiers (see Fig. 1 ).
The figure shows only the new modules added to previous TutorJ implementation. At the highest level the presentation tier is able to show the different possible visualizations. The business layer manages and collects data from the interaction with different actors. The documents and the information about users are stored in the data layer.
A. Data Layer
This layer is the back-end layer of the whole system. It manages many kinds of data: learning material for students, didactic proposals by tutors, and logs of student-system and student-student interaction. Documents are analyzed and grouped according to the topic they dealt with. Automatic cataloguing of documents makes subject-based consulting very easy. It would be a hard task if performed manually. Students and tutors can enrich the set of documents. The student can create cooperatively new contents through wikis. The tutor can always add new learning materials. The logs of the student interactions trace their behavior, allowing an assessment students' activities, or an analysis of the social dynamics in the groups.
Learning documents must be analyzed to be catalogued. To this aim, they are represented in a sub-symbolic fashion through the Latent Semantic Analysis [18] technique. Thanks to this technique, documents are represented as real vectors in a metric space. When two documents treat similar subjects, they are projected into near points in the hyperspace. In this way, clusters of documents treating common subjects can be found using a clustering technique. In particular, we have used a Self-Organizing Map [19] , which able to cluster points, and reduces the number of dimensions of the final space. The result is a bi-dimensional vectorial space in which documents are represented as points, and clustered into regions of similar documents. The pipeline of the whole process is depicted in Fig. 2 .
The data layer stores also the didactic proposals by the teachers/tutors that are displayed as learning paths in the Fig. 2 . The sequence of steps for the generation of a documents map. The document map generator in the business layer is in charge to render the X3D document map starting the data stored in the trained SOM, and from the list of keywords used to run LSA. document map at the presentation level. The logs of students' interactions are recorded, to be shown to tutors. Finally, the layer manages all the data related to the social interactions between the students. It store wiki, and the forum. Moreover, it stores the participants to the study groups and their interactions. In this way, the layer stores all the data needed to analyze the behavior of the single student or of a whole group.
B. Business Layer
In this layer we implemented the main modules to manage data and produce suitable interaction modalities with students and tutors. The new modules we added to the previous TutorJ implementation are the map generator module, the wiki manager and the forum manager. The forum manager and the wiki manager are devoted to manage and collect information deriving from social interaction between student and from collaborative writing of document in the form of a wiki. These types of interaction are used to build the social network and give information to tutors about the groups dynamics. The map generator module is able to retry the information regarding a particular interaction modality (browsing documents, analysis of social behaviors or analysis of map's access) and to convert them into a suitable visual map. This is the major novelty presented in this work. The information about students are used as inputs in the map generator module. The implemented tool has a unified representation formalism of input data that are converted in XML units and processed with proper tools to render the suitable map. In the next figure (see Fig. 3 ) the data flow to build all the presented maps is presented.
The data are processed and transformed in an XML [20] meta-representation. After this initial phase the resulting XML is processed. Different maps are obtained according to proper XSLT transformations [21] . There are essentially two different possible outputs: an X3D [22] format used to represent both the document and the student map and a graphML [23] format that is the input for the JUNG [17] framework and is used to represent the social interaction between students. The document map is used mainly by students while the student map and the social network map are used by tutors/teachers. In particular, when rendering the document map some suitable methods have been included in the XSLT transformation to collect data from the SOM and the list of keywords used to run LSA (see Fig. 2 ). This approach allows a good level of scalability. New functionalities can be added simply by implementing the proper XSLT transformation. In our approach, a new visualization modality corresponds to a new system's usage scenario. Another advantage of the proposed approach is related to data hierarchy. The hierarchy of data leads to the correct nodes in the representation. If a single student requires his document map the system has to retrieve the node with the corresponding id and just process it. If the information of students group is needed, the system has to increase the level of node hierarchy in the XML file (every group is composed by a certain number of students).
C. Presentation Layer
The presentation layer allows the student to browse the learning materials using a document map. Tutor make use of the social network map and the student map to support their decisions, while monitoring students. In the document map, the regions obtained from clustering are placed in the space on the basis of the similarity of the topic covered in their documents. Clusters are as close as the're similar. Each region is associated to a set of more representative keywords, able to recall the common subjects of its documents. In this way, documents can be consulted easily using a subject-based research. The documents space is represented graphically as a starred sky where a document is a star, and a cluster of documents is depicted as a constellation. The main keyword associated to the cluster is the name of the corresponding constellation. This name is depicted on the map. In this way, the user can consult recognize the topics of the documents. The map is depicted in X3D (see Fig. 4 ). The map is a Zooming User Interface. It can be zoomed in and out, and the user can shift up, down, left and right. Zooming in an area of the map allows to see that area in more detailed way. Less important keywords characterizing the documents are shown. Smaller stars appear in the scene. At the highest degree of zooming, the list of the documents of the area is shown,and it's possible to click and read them. The single document is open in a new tab. In this way, the student can go back to the map to select new documents, and can open more documents together. All these clicks are recorded by the system, to model the student. The analysis of these data can be very informative. The system can evaluate if the student follows the learning path proposed by the tutor, or if she studied documents freely. In this case, it could be interesting discover which documents the students has open together in a single study session. Finally, all these actions are recorded together a timestamp.
Two different types of map have been defined to support tutors in their work. These maps are obtained analyzing the number of documents read by the student for each region of the maps of documents, or the total time spent reading the documents of each region. In the student map, these values are displaced as elevation values on a regular grid that is the same used for the document map. elevations are interpolated to generate a continuous bi-dimensional surface. colored with a pseudo-color reflecting the height of the point. We used a classical temperature gradient palette where red indicates a very huge amount of time spent in reading documents and blue is related to poorly accessed materials (see Fig.5 )
The map is a sort of planimetric map. It is generated as an image, and placed as texture on a X3D plane. This choice makes its rendering faster. The user can select her own palette, or link a particular palette to a specific type of analyzed data. She can also customize a palette. The obtained map can be superimposed to the documents map. In this case, the names of the clusters shown in the documents maps are written onto the map. This provides tutors with a detailed representation of the documents the student read actually. If the mouse is placed on a region of the map, a tooltip with summarizing data appears. Also this map is a zooming user interface. The user can zoom in and out the map, and when she click on a selected region the interface shows the detailed data for that region.
The tutor can analyze a whole group too. In this case, the system represents the group as a net, whose nodes represent the persons belonging to the group (see Fig. 6 ). The nodes of the members of a group are linked to a particular node representing the group. Arcs carry out the information related to the amount of communications between two nodes (students or groups). When the tutor clicks on a node of a person, she can view all the data regarding the single student. When she clicks on the node of the group, she can see the data regarding the whole group. Similarly to the student, the system can produce maps summarizing the data of the group, regarding all the documents read by the members of the group. As an alternative, the tutor can see the distinct maps to compare different data sets, put side by side, or laying one over the others and switched one after the others. As last chance, the tutor can see comparison maps, obtained from the point-by-point difference of two maps.
V. CONCLUSIONS AND FUTURE WORKS
A map based visualization tool to support tutor decision making, while monitoring the students' activities has been presented. The tool extends the architecture of TutorJ an ITS already presented by some of the authors. The work is motivated by the need to avoid tutor's cognitive overload in the analysis of social interactions between the students and/or their learning activities. It uses web 2.0 technologies to allow purely visual interaction with the huge amount of information deriving from the logs of the student-student and studentsystem interactions. Our implementation confirms the thesis stating that social use of the web, that is web 2.0, induces the creation of a new generation of web applications to manage information overload, and in turn such applications rely heavily on the web 2.0 leading to an enhancement in the technology. Future works involve the porting of the whole TutorJ implementation on a well known open source elearning platform that is OLAT [24] and the implementation of the knowledge maps. Such maps are derived from the structure of the wikis produced by the learner on some specific topic, and can be compared with a fragment of the domain ontology proposed by the teacher to discover how the student is acquiring the concepts in a particular topic, and the logical relations between them and rest of the domain.
